This work shows the peak voltage measurements for several beam filtrations used in diagnostic radiology, using two types of non-invasive detectors; a voltage meter and a high-resolution spectrometer. The technique chosen for the voltage peak measurements with the spectrometer was the endpoint. The results were compared to the measured ones and showed good similarity to the nominal values. However the voltage meter detector used in this work presented errors for heavier filtrations.
INTRODUCTION
The voltage measurement of an X-ray tube has undergone the influence of some different definitions of the quantity to be measured. One of them is the peak kilovoltage; this can be determined by spectrometry for the intersection of the linear high-energy part extrapolation with the energy axis and it represents the maximum voltage applied to the X-ray tube [1] . The other one 05-02 (2017) 01-09 is the average peak voltage that is deduced by the average peak values from the voltage waveform [2] . The practical peak voltage (PPV) is based on the concept that radiation generated by a high voltage of any waveform produces the same contrast as radiation generated by an equivalent constant potential. The constant potential producing the same contrast for a specified contrast configuration and specified X-ray tube properties as the waveform under test is the PPV. 3 Considering those definitions associated with the ISO [1] and IEC [3] recommendations, it can be noticed that the first suggests the use of peak voltage (kVp) and the second suggests the PPV as reference to determine the voltage. However, in the calibration laboratory that this study was developed cannot perform cannot perform voltage invasive measurements in a X-ray of potential constant, making it unfeasible to obtain the voltage waveform from the X-ray tube. This work aims to compare the responses of two non-invasive detectors: a commercial meter and a highresolution semiconductor spectrometer using different filtrations and reproducing some radiation qualities for conventional diagnostic radiology and computerized tomography as recommended by IEC [3] .
MATERIALS AND METHODS
This work was performed at the calibration laboratory of the Instituto de Pesquisas Energéticas e Nucleares (LCI/IPEN). The laboratory has an X radiation system with a voltage range from 1 to 160 kV, with a constant potential generator Agfa NDT Pantak/Seifert GmbH&Co. Table 1 (the purity level is 99.99% in all case). Two non-invasive detectors were used to measure the peak voltage. One is the Radcal Accu kV®, model 4085 and the other an Amptek® CdTe spectrometer, model XR-100T, connected to a multiprocessor model PX4, also from Amptek®. The focus detector distance was 1 m for both detectors and the tube current ranged between 0.1 mA -15 mA to achieve the readings without any additional filtration. For the spectrometer, lower currents were used in order to avoid saturation and pulses piling up, to the Accu kV meter it was used higher current to sensitize the detector.
The spectrometer was calibrated using gamma radiation sources of 241 Am e 152 Eu. The calibration curve was obtained through a linear fitting of χ 2 red ≈ 1. The voltage meter was set to measure the peak voltage, the quantity studied in this work and the filtration correction parameters were kept in the "Auto" mode. The detectors are presented in Figure 1 . 
RESULTS AND DISCUSSIONS
Considering that the spectrometry provides a reliable result, based on the previous calibration, the gross spectrum of each filtration set with the tube voltage was firstly obtained. These spectra are presented in Figure 2 .
The spectrometry values obtained through the endpoint analysis and the ones provided by the Radcal, Accu kV® are presented on Tables 2 and 3 The uncertainty values obtained for the spectrometry had a higher influence on the linear adjustments parameters, which made them have the same value for all peak voltages obtained. The Radcal Accu kV® did not present the peak voltage response for heavier filtrations to voltage of 150 kV, although there is no restriction for this operational range in the equipment's manual. Several attempts were made to obtain the peak kilovoltage values for these measurement configurations, but were not successful.
The results present differences between 0.1 and 1.88 % with nominal values for both detectors but the Accu kV presented a non-expected limitation for the "N" filtration that has 23 mmAl, in the correction range for the equipment filtration. Even so, the equivalent Al filtration for F, G and H is smaller than the maximum specified for the Accu kV in Auto mode.
The endpoint method demonstrated to be very efficient for the high-resolution detector and it provided small uncertainties. The fact that the detector is calibrated with gamma radiation sources makes it interesting for quality control and acceptance tests of the X-ray equipment because the energies of the gamma decay are very well known.
Comparing the results with the nominal values it can be noticed that the range values provided by the Accu kV meter extrapolate 1.5% variation, the recommended by the IEC [3] due to the expanded uncertainties. The relative error for the spectrometry did not exceed 1%.
However, it is important to note that the tests were carried out on a constant potential equipment with several filtrations, reaching very hard beams, a situation totally atypical for radiodiagnostic services.
Spectrometry is a very precise and reliable tool, but if adopted as a referral, it will require the service provider to purchase radioactive sources, making the use unfeasible for the reality of some Brazilian regions. However, for a calibration laboratory the use of spectrometry to measure the peak voltage provides traceability and decreases the laboratory uncertainty. It can also enable the calibration of detectors for this quantity.
CONCLUSION
For a calibration laboratory, the use of the spectrometry endpoint is recommended because it shows low relative errors and uncertainties. This situation cannot be considered unfeasible for 
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